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sl Recent Migrations of the Sacramento—San Joaquin
River Striped Bass Population®
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Harorp K. Crapwick
nland Fisheries Branch, California Department of Fish and Game, Stockton, California

ABSTRACT )

Migration patterns of striped bass (Roccus saxatilis) in the Sacramento-San Joaquin River

system, California, are defined by ta
1958 through 1964.

8,300 tagged fish and angler catches from

Larger adults migrated farther downstrcam than smaller ones, and most 3- and 4-yecar-old
immature {ish remain in the Bay Area during the spawning period. Fish tagged in the western
and ecastern Delta during the spring, in the western Delta during the fall, in the upper
Sacramento River during the spring, and in San Pablo Bay during the fall all had similar
migration patterns. The only general difference was each group had a distinctive migration

to the Delta.

Migrations into San Francisco Bay and the Pacific Ocean were much greater in the late
1950’s and early 1960’s than in the early 1950°s. Data on changes in the striped bass population
and environment were insufficient to explain migration changes. Earlier conclusions regarding
factors controlling seaward migration did not adequately explain migration variations between

1958 and 1964.

INTRODUCTION

Tagging in the early 1950’s demonstrated
that adult striped bass from the Sacramento—
San Joaquin River population had a definite
annual migratory pattern (Calhoun, 1952).
There was a mass upstream fall migration to
the fresh waters of the Sacramento—San
Joaquin Delta, where the fish remained over
winter. In the spring, they dispersed through-
out the Delta and its tributaries to spawn. As
spawning ended in May and early June, fish
migrated downstream to spend the summer
in brackish or salt water. During the sum-
mers of 1950 and 1951, the population was
concentrated in San Pablo Bay and Carquinez
Strait.

By 1958, changes in the fishery indicated
that there had been important changes in the
timing and extent of migrations, although the
pattern remained similar. Returns from ex-
tensive tagging operations between 1958 and
1961 helped define these changes and migra-
tory differences among the population’s vari-
ous components.

This paper describes results of the 1958-
1961 tagging study and compares them with
earlier findings. Supplementary information

1 Submitted for publication September 1965, This
study was performed as part of Dingell-Johnson
Project California F-9-R, “A Study of Sturgeon and
Striped Bass,” supported by Federal Aid to Fish
Restoration funds.
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on migrations obtained from creel censuses
is also included.

STUDY AREA AND STRIPED BASS

Almost all California striped bass live in
the Sacramento-San Joaquin River system
and adjacent areas of the Pacific Ocean.
These two rivers and their tributaries drain
California’s Central Valley. The Sacramento
River flows from the north and the San
Joaquin River from the south to join near
Pittsburg (Figure 1). From there they flow
to the Pacific Ocean through Suisun Bay,
Carquinez Strait, San Pablo Bay, and San
Francisco Bay. Upstream from their junction
there is a network of some 700 miles of chan-
nels which is known as the Delta. The Delta
covers a triangular area bounded by Pitts-
burg, Sacramento, and Tracy.

From Sacramento and Tracy to the Pacific
o&éﬁﬁm{ﬁm is
much greater in the winter and spring, caus-
ing wide variations in salinity intrusion from
the ocean. Even in the late summer period of
greatest salinity intrusion water is essentially
fresh about 5 miles east of Antioch. Kelley
(1966) describes the area in more detail.

Striped bass utilize the entire area. They
spawn upstream from Pittsburg: mostly in the
Delta portion of the main San Joaquin River

and in the Sacramento River from lhe Delta
= IO YRl

to_above the Feather River (Farley., 1967).

27

C—048349

5 P Povvlahens. ’r%
Fahuus oowﬁj. ‘1&3}‘. 227 -2,

(3 ver

st s

e AR S

.(:‘? T

§  rgrre g
i et

C-048349




HAROLD K. CHADWICK

Map Area

SACRAMENTO —
SAN JOAQUIN

RIVER SYSTEM

]

——— b X5

TATEIN e e

Tty

\

San

o
[=]
(<] o
,.Frgncnsco

-~
-
(3]
13

o
[¢]
©
a
>

122°  ToReddingy

Numbers |- 15= Recovery Localities
Letters A-H= Tagging Localities

American

=
N
k Tracy /.
— o - . o ‘/ 3 Q
N \
. To Fresno
\
\
\
\
01 23 45 6 \

Scale in Miles

and outlined by dashed lines.

B

C—048350

Ficure 1.—Map of the study area showing the- Sacramento River flowing from the north and the San
Joaquin River from the south. They meet at Pittshurg and flow through a series of bays to the Pacific
Ocean. The network of channels in the triangular area bounded by Pittsburg, Sacramento and Tracy is
known as the Delta. Tagging sites are designated by letters. Recovery localities are designated by numbers
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Ba ream as a nursery area. As they
mature at 2 to 5 years old, they take up adult
migratory patterns and travel over the entire
area.

METHODS
Description and evaluation

The main groups of striped bass were cap-
tured with drift gill nets and tagged in the
western Sacramento~San Joaquin Delta each
spring.- This time and location was selected
under the hypothesis that it would provide a
representative sample of the mature popula-
tion, since spawning occurs only in the spring,
in the tagging area or upstream from it. All
mature fish probably migrate through this
area each spring.

Tagging was done at five locations in the
western Delta. These were: Sacramento River
at Chipps Island (A, Figure 1), Sacramento
River at Chain Island (B, Figure 1), Sacra-
mento River off entrance to’ Sherman Lake
(C, Figure 1), Broad Slough (D, Figure 1),
and San Joaquin River below TIalse River
(E, Figure 1). Throughout this paper fish
tagged at these localities are designated as
representative of the western Delta population.

Additional striped bass were caught for
tagging in wire fyke nets (Hallock, Fry, and
LaFaunce, 1957) at I'remont Weir in the
upper Sacramento River (F, Figure 1) in May
1958, in gill nets at Prisoner’s. Point in the
eastern San Joaquin Delta (G, Figure 1) in
the spring of 1959, and by angling and gill
netting in San Pablo Bay (H, Figure 1), and
western Delta in the fall of 1958.

Since fishing gear and methods were-some-
what selective the tagged sample does not
represent the population exactly. Gill nets
used in 1958 were multifilament nylon with
six panels of equal length, ranging in stretched
mesh size from 4% to 7 inches by ¥%-inch
increments. Nets. used from 1959 to 1961
had eight panels, ranging from 4 to 7 inches
plus an 8-inch panel.

Graduated mesh nets tend to catch various
sizes of fish randomly, but several biases exist.
In this study the panels were arranged in
order by size, and the end with the largest
mesh was usually laid out first and picked
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up last to avoid excessive catches of smaller
fish' in the smaller mesh sections. Moreover,
striped bass frequently catch their maxillaries
in mesh too small to gill them, but few bass
are caught in mesh too large to gill them. A
third important bias is that the thicker net
twine used in the larger meshes makes them
less efficient. While the last item counteracts
the first two, the first two were probably more
important, biasing the sample towards catch-
ing larger fish.

Most bass were tagged with disk dangler
tags, although other tags were used for evalu-
ation purposes (Chadwick, 1963). Also, 150
to 400 of each spring’s 1,943 to 4,378 disk
dangler tags were reward tags. While these
different tags affected recovery rates, they are
ignored in this paper as they are unimportant
in interpreting migration patterns.

Only legal-sized fish were tagged (16 inches
or over total length). Fork length was mea-
sured to the nearest inch.

To identify which tagged {ish, recaptured
more than 1 year after tagging, were 25--
inclies long, growth of tagged fish was ap-
proximated from recent growth data (Robin-
son, 1960). All those 22 to 24 inches long
at tagging were assumed to be at least 25
inches long one year after tagging; those 18
to 21 inches long at tagging were assumed to
be at least 25 inches long two years after
tagging; and all tagged fish were assumed
to be at least 25 inches long three years after
tagging. This rough approximation ignores
evidence of slower growth of tagged fish
(Chadwick, 1963).

In 1960 and 1961 each individual was sexed
externally. Those from which milt could be
expressed were recorded as males. Others
were assumed to be females. Internal exami-
nation of fish initially sexed externally showed
that about 95% of the males present in the
Delta during the tagging period could be
sexed correctly by external examination.

Fish tagged in the western Delta (A through
E, Figure 1) were initially stratified by size,
sex, and tagging area and time. The effect of
each of these on migrations was examined by
comparing the proportional distribution of
first-year recoveries among geographical areas
(Figure 1) and months. No statistical test
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is available to determine the significance of
geographical and seasonal differences simul-
taneously. Hence, they were analyzed inde-
pendently by chi-square tests. This is a rather
inefficient statistical procedure. Many sam-
ples were small, so only rather gross differ-
ences could be detected. The number of strata
were reduced by grouping areas and months
to obtain expected values larger than five in
most cells to satisfy sample size requirements
for chi-square tests.

Defining migrations from tag returns has
inherent limitations, since returns reflect an-
gler harvest, which is affected by many things
besides the presence of fish. For striped bass
the most important probably are:

1) Seasonal changes in feeding habits—
striped bass are relatively invulnerable
during the spawning season and during
the winter when their feeding is much

reduced. '~
2) Weather—Strong winds frequently make
fishing impossible. Prevailing west

winds during the summer particularly
limit fishing in San Pablo Bay.

. The time rain starts in the fall can also
be important as rain inhibits fishing.
For example, the good fall fishing in
the Delta in 1958 probably. resulted
from ‘warm rainless weather extending
through December.

3) Availability of boating facilities—Most

" anglers fish within a few miles of boat
launching or berthing facilities. The
relative scarcity of these facilities in
the Suisun Bay area reduces angling
there, even though most adults migrate
through the area twice a year and many
winter there.

4) Water turbidity—Turbidity is greater
in the Delta than in bay areas, prob-
ably making angling less effective in
the Delta.

5) Changes in fishing techniques—These
will be discussed later.

In addition, while in the ocean, striped bass
are caught chiefly in the surf. They may well
occur elsewhere in the ocean but be invul:
nerable. In this case, tag returns would re-
flect ocean migrations poorly.

330 HAROLD X.

CHADWICK

TABLE l—Summary of striped bass tagging

Mean
Num- fork
Tagging Tagging ber length
Tag group localities* dates tagged (inches)

Spring tagging

Western Delta B through E 11 April- 4,378 22.1
1958 une
Western Delta A through E May— 4,262 21.7
1959 11 June
We(stem Delta A throughE 6 px}il-— 4,317 29.6
3 une
‘Western Delta B through E 8 April— 1,943 23.1
1 . 23 May
Fremont Weir ¥ 29 April— 890 19.0
1958 20 May
‘Eastern Delta G 15 April- 1,146 229
1959 June
Fall tagging :
San Pablo Bay )58 26 Sept.— 750 18.7

1958 3 Nov.
Western Delta A throughE 6 Oct.— 628 23.2
1958 4 Dec.

* Letters refer to localities in Figure 1.

The importance of these factors and possi-
bly others cannot be measured quantitatively,
making the assessment of annual differences
in returns difficult. These factors have less
effect on the assessment of differences among
various groups within any given year.

While tag returns from this study are very
useful for showing long-term trends and dif-
ferences in migratory patterns, returns were
too few to show short-term differences well.

Supplementary information on the migra:

tions of males and females was obtained from
observations of sex composition of the angler
catch in the Delta during the spring of 1961
and 1962 and in San Francisco Bay in the
spring of 1961. Gonads of all fish, except
ripe males, were examined (Chadwick, 1965).

Western Delta spring population

Description of tagged population.—In the
springs of 1958-1961, 14,900 striped bass
were tagged in the western Delta (Table 1).
Mean lengths for each year’s group were
similar.

Few small females were caught. Only 10
and 6% of the females tagged in 1960 and
1961 were less than 22 inches FL, but 49
and 47% of the males tagged were less than
22 inches. As a result, approximately 73
and 64% of the bass tagged in 1960 and 1961
were males. Respective mean fork lengths
were 21.6 and 21.7 inches for males and 25.2
and 25.5 inches for females.
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TasLe 2—Results of C/LL-Squ,arc tests to determine
whether tagging arca, tagging time, fish length, or
sex affected arca or time of recovery significantly’

Tests for differences
in recovery time

Tests for differences
+ in recovery area

Tag- Tag-

ging Tag- . ging Tag-
Tag local- ging Length local- ging Length
group ity time group Sex ity time group Sex
1958 0.40 0.03 <0.001 0.48 0.30 <0.001
1959 0.09 0.23 <0.001 0.62 0 053 <0.001
1960 0.74 0.93 <0.001 0.004 0.82 0.15 .0.19 0.55
1961 0.79 0,23 0.02 0.60 ,0.85 0.13 0.28 0.92

1 Values in table are the approximate probabilities of ob-
taining a larger x2 value by ch'\nce Only first year returns
are included. , .

e General results

About 4,600 or 31% of these tags were
returned through the spring of 1964. It is
necessary to understand how tagging locality,
time of tagging, length of fish, and sex affect
returns before migrations can be interpreted,
so these are examined first.

Effect of population characteristics on
migrations
Geographical components—Tagging local-
ity within the western Delta did not signifi-
cantly alfect the time or place of recapture

. (Table 2). The only appreciable departures

from expected proportions were returns from

‘the San Joaquin River and adjacent sloughs
in 1958 and 1959. In those years, 17.3 and _

12.4% of the returns from bass tagged in the
San Joaquin River at location E were re-
covered in the San Joaquin Delta, while only
7.8 and 6.5% of the returns from fish tagged
in the Sacramento River at locality C were
recovered there. This difference did not occur
in 1960 and 1961, nor did the returns from
the Sacramento River show any appreciable
deviations  from expected proportions. This
leads to the conclusion that striped bass mi-
grating through various portions of the west-
ern Delta in the spring migrate similarly, so
tagging localities within this area can be
ignored in analyzing migrations.-

“Time of occurrence in Delta—To deter-
mine whether striped bass occurring in the
Delta at different times'had similar migration
patterns, tagged fish were divided into the
following five groups by time of tagging:
Before 20 April, 20-30 April, 1-15 May, 16—

Tasle 3.—Relationships: between fish length and
migration pattern based on first year returns from
striped bass tagged in the [Vestern Delta in springs
of 1958-1961

Percentage returns by
length groups (inches)

1520 21-24 25+

 Recovery locality®l

=1
o
e
=3

Upper San Joaquin River (3)
Eastern San Joaquin Delta (2)
Mokelumne River and Delta (G)
Western San Joaquin Delta (1)
Upper Sacramento River (5)
Lower Sacramento River (4)
Suisin Bay Area (7)
Montezuma Slough Arca (8)
Carquinez Strait (9)

Napa River (11)

San Pablo Bay (10}

Petaluma Creek Arca (15)

San Francisco Bay (12)

Pacific Ocean (13)
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1 Numbers in parentheses refcr to recovery ]ocabons des-
ignated in Figure 1.
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31 May, and June. Returns differed signifi-
cantly in place of recovery only in 1958, and
returns did not differ significantly in time of
recovery in any year (Table 2). The small
differences "observed showed no consistent
trend. Hence striped bass occurring in the
Delta at different times in the spring also
migrate similarly, so time of tagging can be
ignored.

Length groups in lower Delia—Tagged fish
were divided into three length groups: 15

to 20 inches FL, 21 to 24 inches, and 25.

inches and larger. Returns differed signifi-
cantly in place of recovery in all years and
in time of recovery in 1958 and 1959 (Table
2). This clearly indicates different sized
striped bass migrate differently.

The greatest difference among the three

groups_was verfish _moved farther
downstream._Returns from Carqumez Stralt—
San Pablo I Bay were hi inch

rdividuals, those from San Francisco Bay
Were highest for 2I- to 24-inch flsh and those

from“he Paeific Ocean were 01257
inchiand larger fish. (Table 3). These differ-
énces were consistent in all years, except that
the San Pablo Bay returns in 1960 and 1961

were similar for all groups.

In addmon returns f1 om theé Sacramento
Iarger fish Deviations from eXpected x* values
were relatively small, but they were: consistent

for the ‘smallest ‘and lalgest size glbups, ex-
cept for 25+ inch fish"in'1961.:
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TasLe 4.—Percentage of males in spring samples
from the Sacramento-San Joaquin Delta

TaBLE 5.—Summary of seasonal striped bass migra-
tions from June 1958 through May 1962

b 1960 . 1961 1962
ate
Gill net Gill net Angler caught Angler caught
1-30 March 76 87
1-15 April 76 91 70 74
16-30 April 73 46 46 49
~15 May 70 63 53 57
16-31 May 75 50 78 72
Seasonal total 73 64 59 66

Sex—Place of recovery differed signifi-
cantly for males and females in 1960, but not
in 1961 (Table 2). Time of recovery did not
differ significantly in either year (Table 2).

Since the average size of males in the tag«ed
sample was smaller than the average size of
females, the effects of length and sex were
confounded in these results. An attempt was
made to separate them by comparing migra-
tory patterns of different size groups of each
sex, and by comparing migratory patterns of
each sex within each size group. Small sample
sizes caused inconclusive results, however.

Since deviations from expected x> values

" were smaller for sex than for length, it is

probable that size was the primary controlling
factor. However, additional data are needed

~, to confirm this.

While tag returns did not indicate impor-
tant differences in - migratory patterns for
males and females, the sex composition of
the tagged population itself suggested impor-
tant differences associated with sex. As pre-

viously mentioned, 73 and 64% of the striped .
bass tagged in 1960 and 1961 were ripe.
males. Over half of those caught by anglers

in the spring were also males (Table 4). Thus,
males were more abundant than females in the
Delta during the spring. Essentially all bass
observed there were mature.

In contrast, 76% of 823 striped bass ob-
served on nine days between 8 April and 24
June 1961, in the sport fishery in San Fran-
cisco and San Pablo bays were females. At
least 40% of the females and 79% of the males
observed there during April and May were
immature. These data indicate that immature
- males and females did not migrate to the
Delta; and-simce females mature later in life
than males (Scofield, 1931), females domi-
nated bay area catches during the spring.

Tag returns by months*

Jun- Dec— Mar— Annual
Aug Sep Oct Nov Feb May total

Locality**

Upper Sacramento

River (5) 0.03 0.02 0.04 0.04 0.08 0.94 115
Upper San Joaquin

River (3) [ 0 o -+ 0 +
Delta (1,2, 4 & 6) 0.15 0.10 0.31 0.62 0.57 1.08 2.83
Suisun Bay (7 & 8) 0.10 0.12 0.20 0.34 0.18 0.07 1.0l
Carquinez Strait

and Napa River

(9&11) 0.51 0.26 0.26 0.22 0.15 0.07 1.47
San Pablo Bay

(10 & 15) 0.47 0.34 0.68 0,32 0.16 0.18 215
San Francisco

Bay (12) 2.64 0.85 0.86 0.50 1.07 0.38 6.30
Pacific Ocean

(13) 0.85 0.20 0.12 0.04 0,01 0.02 1.24
Total 4.75 1.89 2.47 2.08 2,22 2.74 16.15

* Numbers are the mean percentages of numbers tagged.
Only first-year returns from each year’s tags were used. -
indicates less than 0.05.

** Numbers in parentheses refer to recovery areas in
Figure 1.

Mature females outnumbered mature males
in the San Francisco and San Pablo Bay
catches through the spring. Large numbers
of spent females were present there by late
May, while spent males did not appear in
numbers until June, indicating that males
probably spent more time on -the spawning
grounds than females. This would also con-

< tribute to the disproportionate sex ratio in

both areas.

Annual migration patterns

General pattern—During the summer, the
vast majority of bass were downstream from
Suisun Bay (Table 5). Most tag returns came
from San Francisco Bay, but substantial num-
bers were taken in the Pacific Ocean and the
Carquinez Strait-San Pablo Bay area. Vir-
tually all tag returns upstream from these
areas were either late downstream migrants
caught in early June or early upstream mi-
grants caught in late August.

Ocean returns ranged from the southern
part of Monterey Bay to Tomales Bay, which
are anutMs north
of the Golden Gate, respectively. Recoveries
occurred as far offshore as 10 miles off San
Franciseo- [ —

“Tall tag returns demonstrated an upstream
migration. San Francisco Bay and Pacific
Ocean returns declined throughout the fall;
Carquinez Strait-San Pablo Bay area returns
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FicurE 2.—Annual variations in summer striped
bass migrations based on: A, first year returns from
western Delta fish tagged during the spring; B,
returns from western Delta tagged fish which were
estimated to be 25 inches or larger when captured.

peaked in October and declined in November;
and Delta and Suisun Bay returns increased
to a peak in November. Very few bass were
caught in acramento-River duting
the fall. E

T During the winter, fish were caught reg-
ularly. in_all areas from the Delta To San
Francisco Bay. The largest number of returns
Were from San Francisco ay, indicating that

a substanti lation_ probably winters
there.

During the spring, most fish were in the
Delta or upper Sacramento River. In both
areas, but particularly in the upper Sacra-
mento River, returns reached their annual
peak. - Returns from all downstream areas
were low. San Pablo Bay returns increased
slightly over winter returns, reflecting an early
spring fishery in the western part of this Bay.

Very few striped bass were caught in the
upper San Joaquin River between 1958 and
1964.

Variations in annual migrations.~—Annual
tag return patterns differ substantially. A
chi-square test of the hypothesis that the
proportion of each year’s returns coming
from each recovery locality was constant
rejects the hypothesis at the 99.9% level
(x2=321.1; x2999, 45 a.c. = 80.0). However,
these differences reflect both migration dif-
ferences and changes in the fishery caused by

’
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FIGURE 3.—~Annual variations in fall striped hass
migrations based on: A, first year returns from
western Delta fish tagged during the spring; B,
returns from western Delta fish tagged during the
spring which were estimated to be 25 inches or
larger when captured.

factors which are either independent of mi-
grations or give a biased measure of migra-
tions. Some of these factors are discussed in
the Methods section. There is no quantitative
way of differentiating effects from these
sources.

Summer distributions (June through Au-
gust) varied appreciably (Figures 2a and b).
Variations were similar for the whole popu-
lation and for 25+ inch fish, but the larger
fish were usually located farther downstream.
Migrations into the Pacific Ocean were great-
est in 1958 and 1964. The population was
located farthest upstream in 1959, and it was
concentrated most heavily in San Irancisco
Bay in 1960, 1961, and 1963.

During the fall (September through No-
vember) of 1958 through 1961, the whole

population and the larger fish migrated some-

what differently (Iigures 3a and b). The
fraction of the whole population caught in
San Francisco Bay increased steadily; in San
Pablo Bay it declined steadily, and in Suisun
Bay and the Delta it rémained constant. Re-
turns of 25+ inch individuals differed in that
the fraction from San Pablo Bay was greatest
in 1959 instead of 1958, and Suisun Bay and
Delta returns {luctuated appreciably. Over
the seven-year span, the fraction of larger
fish caught in San Francisco Bay gradually
increased, the fraction caught in San Pablo
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TABLE 6.—Annual geographical distribution of tag

HAROLD X.

returns from striped bass caught in the Pacific

Ocean
Percentages of total annual ocean recoveries
Lacation 1958 1959 1960 1961 1962 1963 1964
Marin County
beaches 5 G 5 6 8 183 16
San Francisco
beaches 47 69 53 32 43 30 14
San Mateo Coun-
ty beaches 27 16 a5 58 29 47 59
Santa Cruz Coun-
ty and Monte-
rey Bay beaches 19 5 3 15 2 0
Boats out of San
Francisco 2 4 13 5 9 11

Number returned 129 51" 106 69 65 47 37

Bay declined, and the fraction caught in Sui-
sun Bay and the Delta fluctuated with a slight
downward trend. Fall returns from the Ocean
varied some but showed no trend.

These trends suggest that as the study period
progressed the population tended to remain
in San Francisco Bay longer in the fall, that
fish migrated upstream through San Pablo
Bay more rapidly in the fall, and that either
the fraction going to the Delta decreased
slightly, or the migration was delayed, or
both. Returns from the Delta are too few to
indicate the migration’s timing precisely.

There were enough winter (December
through February) tag returns to indicate the
geographical distribution of the catch only
in 1958, 1959, and 1960. In 1958, 50% of
all winter returns were from the Delta, almost
another 25% were from Suisun Bay and the
upper Sacramento River, and only 4% from
San Francisco Bay. In marked contrast, 69
and 58% of the 1959 and 1960 winter returns
were from San Francisco Bay. The few re-
turns in subsequent years follow the 1959
and 1960 pattern.

CIHTADWICK

These differences certainly reflect variations
in the fishery, but they may not indicate
migration changes. For example, the excel-
lent 1958 Delta f{ishery at least partially re-
flects unusually good fishing weather. More-
over, true differences of this magnitude in
winter distribution are unlikely, since fall
distribution is relatively constant.

Except for 1959, 1960, and 1961, spring
tag returns are also foo limited to reflect the
fishery. Twenty-four percent of the 1961 re-
turns came from San Francisco Bay. This is
about twice the 1959 and four times the 1960
percentages. Spring recoveries in the Delta
were 50, 47, and 36% of the respective totals
for the 3 years. Percentages from the upper
Sacramento River were 20, 35, and 30 re-
spectively.

Both the {raction of total returns which
were from fish caught in the Pacific Ocean
and the geographical (Table 6) and seasonal
(Table 7) distributions of ocean returns varied
from year to year. Surf fishermen along San
Francisco and San Mateo county beaches
were responsible for mest ocean recaptures.
The distribution within these two areas varied
greatly and was not correlated with the extent
of southward movement. Only in 1958 and
1962 were substantial numbers of striped bass
caught south of San Mateo County.

Very few striped bass were caught north
of the Golden Gate (Marin County), prob-
ably reflecting both the predominantly south-
ern direction of movement and more limited
fishing access north of the Gate. This fraction
increased toward the end of the 1958-1964.
period.

During this period of relatively great ocean
migrations, no tagged fish were taken more

TanLE 7.—Variations in timing of migrations to Pacific Ocean as indicated by tag returns

Percentages of total annual ocean recoveriest

Month June 1958—  June 1959—

June 1960—  June 1961—

June 1962~ June 1963~  June 1964

recaptured May 1959 May 1960 May 1961 May 1962 May 1963 May 1964  January 1965
June 19 27 18 14 2 17 5
July 28 29 44 26 38 30 19
August 17 14 27 30 29 21 59
Septemher 19 22 8 25 29 21 16
October 16 4 3 0 2 11 0
November to May 9 4 0 4 0 0 0
Number returned 129 51 106 69 G5 47 37

1 Totals not always 1009 result from rounding percentages,
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TasLe 8.—Comparison of July 1958 through June
1959 returns from 15-20 inch striped bass tagged
in upper Sacramento River and Western Delia in
spring of 1958
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TasLe 9.—Comparison of f[irst-year returns from
striped bass tagged in Eastern San Joaquin Delta
with those tagged in Western Delte in spring of
1959 :

Percentage of
July through
February returns

Percentage of
March through
June rcturns

Percentage Percentage
of June of November
through October through May

returns returns
Upper Upper
Sacra- West-  Sacra- West- East- West-  Iast- West-
mento ern mento _ern em ern erm ' ern
Recavery River Delta River Delta Recovery Delta Delta Delta Delta
locality* tags  tags tags tags Iocality tags  tags tags tags
San Joaquin Delta Iastern San Joaquin Delta
(1,2,3,6) 12 10 18 23 y (] b 14 5
Lower Sacramento River (4) 10 9 13 21 Woestern San Joaquin Delta -~
Upper Sacramento River (5) 4 1 Gl 23 1 2 2 15 12
Suisun Bay (7, 8) 10 5 2 1 Upper Sacramento River (5) 2 1 15 I3
Carquinez Strait (9 9 10 3 3 Lower Sacramento River (4) 2 4 10 13
San Pablo Bay (10 + 15) 26 29 2 8 Suisun Bay (7, 8 6 8 10 7
Napa River (11) 9 7 0 35 Carquinez Strait (9) 9 9 3 3
San Francisco Bay (12) 18 24 2 15 San Pablo Bay (10, 15) 14 18 G 7
Pacific Ocean (13) 2 7 0 1 é\lap% River ( ]J3 (12) é% 4§ 2& 8%
mber of r S 4 9, San Francisco Bay G :
Number of returns 104 242 6 75 Phcific Ocean (13) 8 6 0 3
* Numbers in parentheses refer to recovery areas defined Number of rcturns 90 328 78 298

in Figure 1.

than 45 miles north of the Gate. This was
noteworthy becauuw
the Oregon Coast must have originated Irom
California migrants (Morgan and Gerlach,
1950).

Ocean returns were largely restricted to the
surf except in 1960, when several tagged
individuals were caught near the San Iran-
cisco lightship, about 10 miles off the Cali-
fornia coast. None was caught this far off
the coast in other years. Judging from fisher-
men’s reports as well as these returns, there
was a real difference in 1960 population dis-
tribution.

Ocean returns were largely confined to the
period June through September (Table 7).
Exceptions occurred in 1958 when many
tagged striped bass were captured in October
and a few through the winter, and in 1963
when 11% of the annual total recaptures was
caught in October. Catches usually peaked in
July. The only major exception occurred in
1964, when almost 60% of the fish were
caught in August.

Other population components

Upper Sacramento River—Striped bass
tagged at IFremont Weir on the upper Sacra-
mento River in the spring of 1958 were con-
siderably smaller than those tagged in the
Delta (Table 1). Fyke net size selectivity may
have caused this difference, since the nets

* Number in parentheses refer to recovery areas defined
in Flgure 1.
t Indicates a percentage between 0 and 0.5.

used were size selective for king salmon
(Oncorlyynchus tshawytscha) (Hallock, Fry,
and LaFaunce, 1958). Because 76% were less
than 21 inches long, only migrations of 15-
to 20-inch Fremont Weir and western Delta
bass were compared.

Migrations were similar for the two groups
from July 1958 through February 1959, as
recovery areas did not differ significantly
(x') = 122 X 95, 6 d.f. — 12. 6) (Table u)

However, in the spring of 1959 a much
higher percent \'\ w\ﬂ}

ulation” returned to the upper Sacxam ato W
l%{,igwm clear evidence of strong homing
by fis Wm
River It 1s not known whether these are pro-
geny of fish which spawned there, or whether
they developed this pattern later in life.

Eastern San Joaquin Delta.—Striped bass
tagged at Prisoner’s Point in the eastern San
Joaquin Delta were somewhat larger than
those tagged in the western Delta during the
spring of 1959 (Table 1). Despite this size
difference, returns from the two groups were
similar, with the main difference occurring
from November 1959 through May 1960,
when western Delta fish were farther down-
stream (Table 9). The greatest difference
was in returns from the eastern San Joaquin
Delta. There the percentage for eastern Delta

i

e e -

C—048357

LTI

s

T

2

AT

Sl g
AW

3

LN

C-048357



e T Y S e va b a e

arttn s arts % 4 . D st 4

b2 &

erdks d 333

-

.
I FRNEIP. 81

LSO G Yo 2y NPT

D e A NV L Iy TR Y RPN s
i

e

ot a2

RS

336 HAROLD K. CHADWICK

TABLE 10.—Comparison of returns from striped bass
tegged in San Pablo Bay in the fall of 1958 and in
the Western Delta in the spring of 1958

Percentage of Percentage of
November through March through

February returns May returns

San West- San West-
* Pablo _em Pablo em

Recovery Bay Delta Bay Delta
locality* tags tags tags  tags
San Joaquin Delta (1, 2, 6) 25 29 19 27
Sacramento River (4, 5) 14 27 19 42,
Suisun Bay (7, 8) 5 11 2 4

Carquinez Strait and Napa

River (9, 11) 6 12 8 4
San Pablo Bay (10) 42 17 28 .8
San Francisco Bay (12) 8 9 24 12
Pacific Ocean (13) 0 2 0 2
Number of returns 85 278 -90 156

. * Numbers in parentheses refer to recovery areas defined
in Figure 1.

bass was almost three times that for western
Delta bass. Considering all first-year returns,
areas of recovery differed significantly for
the two groups (x2 =18.4; x2.45, 9 a.e. = 16.9).
Seventy-eight percent of this x2 value results
from deviations from expected eastern Delta
returns, confirming that striped bass tend to
return to the same spawning area they used
the previous year.

W estern Delta fall population.—Striped bass
tagged in the western Delta during the fall
(mostly late November and early December)
of 1958 were about the same size as those
tagged there in the spring (Table 1). They
could logically be assumed to represent the
adult bass which migrate back to the Delta
in the fall, overwinter there, and spawn be-
fore migrating downstream. Tags returned
through February supported this, as all were
recaptured upstream from Carquinez Strait.
However, in March 1959 two returns were
received from San Francisco Bay, two from
San Pablo Bay, and eight from Delta areas.
Since the two caught in San Francisco Bay
were large enough to be mature, and since
striped bass had never been found spawning
this early in the Sacramento-San Joaquin
system, these returns suggested that some
mature bass migrate to the Delta in the fall,
and move back to the Bay during the winter.
Presumably, these would have returned to the
Delta to spawn in the spring. ,

During April 1959, 16 of 39 returns from
fish tagged in the fall in the western Delta
were recaptured in areas downstream from

TasLe 11.—Comparison of June through December

1959 returns from striped bass tagged in San Pablo

Bay during the fall of 1958 and in the Western
Delta during the spirng of 1959*

Percentage of Percentage of

Recovery San Pablo ‘Western

Iocalityt Bay tags Delta tags
San Joaquin Delta (1, 2, 6) 9 6
Sacramento River (4, 5) 13 6
Suisun Bay (7, 8) 7 11
Carquinez Strait & Napa River (9, 11) 18 13
San%ablc Bay (10, 15) 18 15
San Francisco Bay (12) 33 47
Pacific Ocean (13) 1 2 .

Number of returns 87 372

* Delta sample includes only bass 15 to 24 inches long
at tagging.

¥ Numbers in parentheses refer to recovery areas defined
in Figure 1.

Suisun Bay, while only 10 of 93 returns from
fish tagged in the western Delta during the
spring of 1958 came from areas downstream
from Suisun Bay. These early downstream
recoveries could be either individuals which
returned to the Bay before spawning or early
spawners which migrated downstream rapidly.

From June through October 1959, fish
tagged in the western Delta in the {all of 1958
migrated similarly to those tagged there in
the spring of 1959. In contrast, 70% of 27
fall-tagged fish recaptured between November
1959 and March 1960 were caught in the
Delta, while only 33% of comparable returns
from the 1959 spring-tagged group were from
the Delta. This was further evidence that the
mature striped bass population was divided
into rather distinct components, which could
be distinguished by the nature of their migra-
tion to the Delta.

San Pablo Bay fall population—Striped
bass tagged in San Pablo Bay in the fall of
1958 averaged only 18.7 inches FL, with 61%
being under 20 inches long. Since many im-
mature females were present in San Pablo
Bay at this time of year, this group, which
was absent in the Delta samples, was presum-
ably well represented in the San Pablo Bay
sample.

Tagging in San Pablo.Bay extended from
26 September through 13 November. All Oc-
tober recaptures came from areas downstream
from Suisun Bay; but in November, 17 of 52
returns were from the Delta. The November
through February returns of these tags dif-
fered from returns of striped bass tagged in

C—048358
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TasLe 12.—Comparison of tag returns from striped bass tagged in 1950-1952 with returns from these tagged

in 19581961

September—

June—-August ctober

December—

Total per-
November February March—May centage

Recovery localities®

1950 1958— 1950— 1958- 1950- 1958- 1950— 1958- 1950 1958- 1950~ 1958
52b  Gle 52 61 52 61 52 61 52 61 52 61

Upper Sacramento River (5) 1 T 0 + 0 T 0 T 3 7 4 7
Eastern Delta (2,3, 6 ki 3 s 1 1 0 1 10 1 16 3
Lower Sacramento River (4) 3 1 5 2 3 1 1 1 5 2 17 7
Western San Joaquin Delta
1 3 ¥ 10 1 4 2 4 1 12 3 33 7
Suisun Bay (7, 8) 2 1 i 2 0 2 1 1 1 + 4 6
San Pablo area (9, 10, 11, 15) 15 6 5 9 1 3 T 2 5 1 25 21
San Frauncisco Bay (12) 1 17 1 11 0 3 0 8 0 2 2 41
Pacific Ocean (13) 0 5 0 2 0 1 0 t 0 i 0 7
Total percentago 26 30 24 26 9 12 (¢} 14 35 17
Total number 80 720 74 699 27 332 19 342 109 421 309 2,514

a Figures in parentheses denote recovery localities defined in Figure 1.
b 1950~-52 figures are the percentages of total returns from striped bass 15 inches or larger tagged in the western Delta.

They are primarily 1950 through 1952 returns.

¢ 1958-61 figures are average percentages of June through May returns in first year after tagging for groups tagged each

spring in the western Delta.
+ Denotes percentage between 0 and 0.5.

the western Delta during the spring of 1958,
primarily in having a lower fraction from
the Sacramento River and a higher fraction
from San Pablo Bay (Table 10). In the spring
of 1959, a lower percentage of returns from
San Pablo Bay tags came from Delta areas
and a higher percentage from downstream
(Table 10). Differences in returns from the
San Joaquin Delta were less than those from
the Sacramento Delta. The higher returns of
San Pablo Bay tags from downstream areas
in winter and spring presumably reflect the
failure of immature bass in the San Pablo
Bay sample to migrate to the Delta.
Through the summer and fall of 1959,
striped bass from the San Pablo Bay sample
migrated similarly to the same sized bass
tagged in the Delta in the spring of 1959
(Table 11). However, more San Pablo Bay
fish returned to the Delta that fall, while
more Delta fish remained in San Francisco

Bay.
DISCUSSION

Changes in Migration Patterns

While the general nature of striped bass
migrations found from 1958 through 1961
was similar to that described for 1950 through
1952 (Calhoun, 1952, Chadwick, 1962a),
there were dramatic differences (Table 12).
The primary change was the much more ex-
tended seaward migration from 1958 through
1961, when 48% of the returns came from

San I'rancisco Bay and the Pacific Ocean, in
contrast to only 2% of the 1950-52 returns.
Not only did striped bass migrate farther
downstream; they remained there longer.
Many wintered in San Francisco Bay and
some wintered in the Ocean.

New fishing methods in San Francisco Bay
(Chadwick, 1962b) and in the Ocean surf
increased catches there biasing these returns.
This did not invalidate the conclusion that
migrations have changed, as is evidenced by
the 39% of the 1958-1963 San Francisco Bay
returns caught by anglers fishing in areas
where old fishing methods are still generally
used.

As a corollary to the increased downstream
migrations, striped bass did not return to the
Delta until later in the fall and generally
spent less time there between 1958 and 1961
than during the 1950-1952 period (Table 12).

The 1958-1961 returns from the San Joa-
quin Delta were much fewer In comparison

with the 1950-1952 perio

T relativeuse of different paris of the Delta.
his was most pronounced in upstream areas

in the spring. Upper Sacramento spring re-

turns_increased from 3 to 7% of annual re-
uﬂimmﬁmmea
2) spring returns decreased from 10 to 1%.

While the 1962 through 1964 returns were
biased by the growth of tagged fish, migra-
tions remained generally similar to those in

1958-1961.

than were theé['ﬁ-"- :
..A/_\———— . . * N
Sa¢ramento River returns, indicating a shift qlLft
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The 1950-52 study was the first quantita-
tive study of adult bass migrations, there
being only very limited information on earlier
movements (Scofield, 1931). Party boat re-
ports from the sport fishery (Calhoun, 1949;
Chadwick, 1962b) revealed that a substantial
fishery existed in San Francisco Bay from
1938 through 1943. Catches there were smaller
from 1943 through 1955; after 1955 they in-
creased rapidly to a level far higher than in
any previous year. This suggested that the
1950-52 tagging study occurred during an
extended period of low migration into San
Francisco Bay, but that recent migrations into
San Francisco Bay have been greater than
those about 1940. However, the new fishing
methods undoubtedly increased catches dis-
proportionately to the number of bass migrat-
ing to the Bay.

Effects of changed migrations

These changes have decreased fishing suc-
cess in the Delta and increased success in
San Francisco Bay (Chadwick, 1962b). While
supporting statistics are not available, obser-
vations indicated a shift in effort and success
from the San Joaquin Delta to the Sacramento
River. :

The decrease in returns from the San Joa-
quin Delta and the increased returns from the
upper Sacramento River during the spring
suggest a change in the relative use of these
areas for spawning. Data on the relative dis-
tribution of eggs and fry are insufficient to
test this hypothesis. However, data on the
midsummer distribution of young-of-the-year
striped bass support the hypothesis. Specifi-
cally, the ratios of catches in the San Joaquin
River at Antioch to catches in the Sacramento
River above Collinsville averaged 1.44 from
1953 through 1957 and 1.04 from 1958
through 1962 (Chadwick, 1964).

Causes for changed migrations

Migrations were rather consistent within
each period but quite different between the
1950-52 and 1958-64 periods, indicating that
migration changes must have been caused by
major differences in either the environment
or the bass population. The present pattern
may well be a reversion to earlier conditions,

HAROLD X. CHADWICK

since catches were large in San I'rancisco Bay
about 1940.

Some physical environmental changes, such
as hydraulic changes caused by pumping
water {from the southern Delta into the Delta
Mendota Canal, are well documented. Others,
such as water quality changes associated with
increasing industrial and domestic develop-
ment, which was counterbalanced by improved
sewage treatment facilities, are very poorly
documented. Biological changes, particularly
those among forage organisms, are also poorly
documented. Hence it is probably impossible
to determine the causes of the changed migra-
tions.

Sufficient facts are available to suggest
two contributing factors.

1) Average age of bass in the population
is probably greater, since the size limit was
increased from 12 to 16 inches in 1956 and
commercial fishing for salmon and shad,
which incidentally killed many large striped
bass (Skinner, 1957), was stopped in 1957.
This would contribute to migration changes
since larger bass migrate farther downstream.

2) Water quality has improved in the shal-
low areas of San Francisco Bay as the result
of improved sewage treatment. During the
early 1950’s, there was often no dissolved
oxygen in marginal areas, but there are in-
sufficient facts to define the extent and im-
portance of this factor.

Factors affecting ocean migrations

" Radovich (1963) concluded that the sum-
mer downstream or seaward migration of
striped bass from the Sacramento—San Joaquin
system is greatest when coastal sea tempera-
tures are warm. He based this on positive
correlations between mean annual ocean tem-
peratures off central and southern California
and the striped bass commercial boat catches
between 1920 and 1931 and an “index of
seaward migration” derived from the sport
fishery in the Delta and San Irancisco Bay
from 1938 through 1959. Further, he hy-
pothesized that this seaward migration ex-
tended out into the Ocean during warm years,
although records of striped bass occurrence
in the Ocean were insufficient to demonstrate
this conclusively. .
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Ficure 4.—Comparison of index of seaward move-
ment (average daily catch per angler on party boats
in upper San Francisco Bay divided hy a comparable
figure from the Delta) developed by Radovich (1963)
and the extent of ocean migrations indicated by tag
returns.

The 1960 through 1964 “indices of seaward
migration” are 2.436, 2.471, 2.284, 2.788, and
1.534 (unpublished data). Respective 1961
through 1964 mean annual sea temperatures
at La Jolla and Pacific Grove are 16.5, 16.2,
17.0, and 16.7, and 13.1, 12.6, 13.4, and 12.8.
Since 1956, the correlation between the index
and sea temperatures has been poor, as sea
temperatures have varied over almost the
entire range for the 27-year period, while the
index has been uniformly higher than in
earlier years. As Radovich pointed out, this
might be caused by new fishing methods now
used in San Francisco Bay, rather than by a
change in relationships.

Tag returns and Radovich’s index of sea-
ward movement both indicate a greater ocean
fishery in the 1958-1964. period than in the
early 1950’s (Figure 4). However, from 1958
through 1964 the index and the percentage
of summer tag returns from the Ocean
(Figure 4) have a highly significant negative
correlation (r =-0.827). Thus, when a large
share of the bass population moves into San
[rancisco Bay, the index gives a poor indica-
tion of the fraction reaching the Ocean. Pre-
sumably the index is highest when striped bass
concentrate most in the Bay and declines when
they move through the Bay into the Ocean.

A major difficulty in interpreting the sig-
nificance of the correlations between tempera-
tures and catches is that the catch statistics
are not direct measures of striped bass oc-
currence in the ocean. Tag returns are the
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Ficure 5.—Comparison of surface sea temperatures
at the Farallon Islands, California, and the percentage
of summer tag returns from striped bass 25 inches or
more long which came from the Pacific Ocecan.

only available quantitative measure of the
ocean fishery. They presumably reflect the
fishery quite well, but there is' no way of
knowing how well the fishery reflects ocean
migrations.

Neither the tag returns nor recent observa-
tions of the fishery indicate a close correla-
tion between the magnitude of the Ocean
fishery and sea surface temperatures. Calhoun
(1952) reported spectacular surf fishing for
striped bass in 1948, and two of the few fish
tagged in 1947 were caught in the Pacific
Ocean that summer. However, there were no
reported ocean returns from the 5,632 fish

tagged in 1950, 1951, and 1952, and observa-

tions indicate very few bass were caught in
the Ocean from 1949 through 1957. In 1958,
ocean fishing was spectacular as far south as
Monterey Bay. Lvery year since then, ocean
catches and tag returns have been substantial.

In 1948, the mean annual sea temperature
at La Jolla was the second lowest ever re-
corded, and the mean at Pacific Grove was
below the mean of the last 45 years (Rado-
vich, 1963). From 1948 through 1956, tem-
peratures at both localities remained low. In
1957 they increased sharply. They peaked
at La Jolla in 1958 and at Pacific Grove in
1959; since 1960 they have been comparable
to low temperatures through the early 1950’s.

In all recent years except 1959, surface sea
temperatures are available from Farallon
Islands, about 20 miles off San Francisco
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(University of California, Scripps Institution
of Oceanography, 1960, through 1965). These
temperatures give a better measure of ocean
conditions in the area utilized by striped bass
than either Pacific Grove or La Jolla tempera-
tures. The correlation coefficient for the re-
lationship between mean annual temperatures
at the Farallons and the 1958-1964: percent-
ages of summer tag returns from striped bass
25 or more inches long that were caught in
the Ocean is 0.213 (Figure 5). The compa-
rable correlation coefficient for Pacific Grove
temperatures for the same period, plus 1959,
is 0.107. The correlation coefficient for the
relationship between these tag returns and the
June-July mean temperature at the Farallon
Islands is 0.373 (Figure 5). None of these
coefficients differs significantly from 0. The
significance of this is reduced by the inherent
variability possessed by coefficients based on
such few samples and the relatively few fish
(range from 59 in 1964 to 187 in 1960) on
which the percentages of tag returns are based.
Nevertheless, they strongly suggest that the
magnitude of the Ocean fishery has not been
closely related to mean annual or summer
mean sea temperatures from 1958 through
1964.

Thus, the excellent ocean fishing in 1958
occurred when ocean temperatures were high,
but ocean fishing was much poorer in 1957
and 1959, when temperatures were also high.
In 1948 surf fishing was relatively good when
temperatures were low, and ocean fishing in
the early 1950°s was much poorer than in the
early 1960’s, despite comparable temperatures.
While the ocean fishery may not reflect the
magnitude of ocean migrations exactly, gross
differences such as those that occurred be-
tween the early 1950’s and the 1958-1964.
periods, almost certainly reflect substantial
differences in the magnitude of ocean migra-
tions. Since there are important discrepancies
between measures of the ocean fishery and
ocean temperatures, it appears reasonable to
conclude that any relationship between ocean
migrations and ocean temperatures is not as
direct as might be inferred from the correla-
tions Radovich described.

Many fishermen believe that striped bass
runs along the ocean beaches occur most

HAROLD K. CHADWICK

frequently when tidal fluctuations are greatest.
To test this hypothesis, summer catch rates
for tagged striped bass in the ocean were
compared for days when tidal {fluctuations
were great (lower low tide below mean sea
level at the Golden Gate) and days when tidal
fluctuations were smaller than this. In 1959
the catch rate was about 3% higher on days
with small tidal fluctuations. In other years
it was higher on days with large fluctnations,
with the respective annual percentage differ-
ences being about 2, 11, 14, 17, and 100.
Thus, if a real difference exists, it is appar-
ently slight in most years.

Comparisons with migrations elsewhere

Striped bass migrations described in Coos
Bay, Oregon (Morgan and Gerlach, 1950)
are similar to migrations in the Sacramento~
San Joaquin system.

Migrations of Atlantic Coast striped bass
populations are more complex. These popu-
lations are noted for extensive ocean migra-
tions up the coast in the summer and back
in the fall. However, published evidence in-
dicates ocean migrations are largely sup-
ported by Chesapeake Bay area stocks (Raney,
1952). The few large fish tagged in Chesa.
peake Bay and North Carolina {Chapoton
and Sykes, 1961) participated in this ocean
migration but otherwise migrated similarly
to comparable sized fish in California.

Smaller striped bass, which comprise the
bulk of fish tagged in Chesapeake Bay, seldom
participate in the ocean migration (Mansueti,
1961). These fish have migrations generally
similar to the larger striped bass tagged in
the early 1950°s in California (Massmann
and Pacheco, 1961). However, their migra-
tions are apparently more diffuse, and they
do not regularly migrate as far downstream
(Mansueti, 1961) as larger California striped
bass have recently. Similarly, smaller striped
bass from other Atlantic Coast populations
apparently migrate only short distances from
their parent river systems (Raney, 1952;
Raney, Woolcott and Mehring, 1954).

Few large striped bass have been tagged
in Atlantic Coast estuaries other than Chesa-
peake Bay, so no general comparison can be
made between migrations of large California
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striped bass described in this paper and similar
populations on the Atlantic Coast.

Mansueti (1961) observed that 6 of 8 bass
tagged in Chesapeake Bay tributaries during
the spawning season and recaptured during
subsequent spawning seasons were caught
near the tagging site—additional evidence of
homing to spawning sites.

SUMMARY

Migrations of striped bass in the Sacra-
mento—San Joaquin River system, California,
were studied from 1958 through 1964. Most
conclusions are based on tag returns from
mature bass tagged in the western Delta dur-
ing their spring spawning migration. Some
conclusions are based on tag returns from
other groups of tagged bass and from obser-
vations of angler catches.

Striped bass fagged at different locations
in the western Delta and at different times
durm'f the spring. mlvratgd mmﬂa“l““mTH'e
only 1mportant difference was that those
tagged in the San Joaquin portion of the
Delta tended to return there the next year.
stream than smaller_ones. Mature males and
females in the same size groups migrated
similarly.

ate in the spawning migration to the Delta.

,’fy& Immature males and females do not partici-

Since females mature at a greater age than
males, they dominate Bay area catches in the
spring, while males dominate catches in the
Delta. Males probably remain on the spawn-
ing grounds longer than do females, further
contributing to these disproportionate sex
ratios.

Striped bass tagged in the western Delta
in the sprmw migrated to salt water in the
late spring. In summer the population was
generally centered in San Irancisco Bay, but
substantial numbers were caught in the Pa-
cific Ocean from Tomales Bay to Monterey.
They started returning to the Delta in the
fall, but many wintered in the Bay area. Dur-
ing the spring most were in the Delta or upper
Sacramento River and its tributaries. There
were appreciable annual variations in these
migration patterns.

Striped bass tagged in the upper Sacra-

mento River and eastern Delta in the spring
and in the western Delta during the fall mi-
grated similarly to bass tagged in the western
Delta in the spring. In each case the major
difference was that migrations to the Delta
were distinctive, with bass tending to return
to the tagging area a year following tagging.
This_indicates that the population is divided
m components__with _somewhat. different

;a,ugpi The same phenomenon has been
notcd in Chesapeake Bay.

Fish tagged in the fall in San Pablo Bay
also migrated similarly. However, many of
them remained in the Bay area the following
spring, presumably because they were im-
mature.

The migration pattern from 1958 to 1964
was generally similar to that in the early
1950’s. However, there were two major dif-
ferences. The most important was that in the
later period bass generally migrated farther
downstream and stayed there longer. The
second was a shift from the San Joaquin to
the Sacramento side of the Delta in the later
period. As a result, striped bass fishing in
San Irancisco Bay and the Pacific Ocean
was generally better, while fishing in the Delta
was generally poorer, in the later period.
Also, the importance of the Sacramento River
as a_s g_area ave_increased.

here have been some important changes
in the environment and the striped bass pop-
ulation which could cause these changes in
migrations. However, few quantitative data
about these changes are available, so no
definite conclusions about causes could be
reached.

Observations of the fishery and tag returns
suggest that the magnitude of migrations to
the Pacific Ocean is not as closely correlated
with ocean temperatures as earlier studies had
suggested. '

Migrations in the 1958-64 period are
similar to migrations reported from Oregon.
They differ from Chesapeake Bay stocks in
that many Chesapeake Bay fish undertake
longer ocean migrations. However, migra-
tions of small bass from other Atlantic Coast
subpopulations are more restricted than those
for small bass from Chesapeake Bay, so the
migrations of large bass from other sub-
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342 HAROLD K.

populations may be more similar to migra-
tions in the Sacramento-San Joaquin system.
This could not be confirmed, since data on

migrations of larger bass in these populations
are lacking.

ACKNOWLEDGMENTS

. I thank the many members of the California
Department of Fish and Game who contributed
to the success of this study. These include
Arnold B. Albrecht (deceased), William Heu-
bach, Don LaFaunce, John B. Robinson, and
Robert J. Toth, who helped tag bass; and
Vincent Catania, who hung and {fished the
gill nets. I also wish to thank A. J. Calhoun,
Don W. Kelley, and John Radovich for criti-

cally reviewing the manuscript.

LITERATURE CITED

Carnoun, A. J. 1949. California striped bass catch
records from the party boat fishery: 1938-1948.
Calif. Fish and Game 35: 211-253.

1952. Annual migrations of California
striped bass. Calif, Fish and Game 38: 391-403.

Crapwick, Harorp K. 1962a. A review of Cali-
fornia’s 1950 to 1952 striped bass tagging pro-
gram. Calif. Dep. Fish and Game, Inland Fish.,
Admin. Rept. 62-3: 1-23.

1962b. Catch records from the striped bass

sportfishery in California. Calif, Fish and Game

48: 153-177.

1963. An evaluation of five tag types used

in a striped bass mortality rate and migration

study. Calif. Fish and Game 49: 64-83. .

. 1964. Annual abundance of young striped
bass, Roccus saxatilis, in the Sacramento-San

Joaquin Delta, California. Calif. Fish and Game

50: 69-99. ‘

1965. Determination of sexual maturity in

female striped bass (Roccus saxarilis). Calif.
Fish and Game 51: 202-200.
Craroron, Ropert B., aAnp James E. Syxes. 1961.

Atlantic Coast migration of large striped bass as
evidenced by fisheries and tagging. Trans.
Amer. Fish. Soc. 90: 13-20.

Farcey, Timorniy C. 1967. * Striped bass spawning
in the Sacramento-San Joaquin River system
during 1963 and 1964. Calif. Dep. Fish and
Game, Fish Bull. 136 (In press).

GanssLe, Davio, ano D. W. Kerrey. 1963. The
effect of flow reversal on salmon. p. Al-15. In
Annual Report (1962-63) Delta Fish and Wild-

CHADWICK

life Protection Study, California Depts. of Fish

and Game and Water Resources, Appendix A.

Harrock, Riczarp J., D. H. Fry, Jr., anp Don A.
LaFavunce. 1957. The use of wire fyke traps
to estimate the runs of adult salmon and steel-
head in the Sacramento River. Calif. Fish and
Game 43: 271-298.

Kerrey, D. W. 1966. Description of the Sacra-
mento-San Joaquin Estuary. Calif. Dep. Fish
and Game, Fish Bull. 133: 8-17.

Mansuery, Romeo J. 1961. Age, growth and move-
ments of the striped bass, Roccus saxatilis, taken
in size selective fishing gear in Maryland. Ches-
apeake Sci. 2: 9-36.

Massmann, WiLLiam H,, Anp AnTHONY L. Pacneco.
1961. Movements of striped bass tagged .in
Virginia waters of Chesapeake Bay. Chesapeake
Seci. 2: 37-44.

MerriMAN, DaNier. 1941, Studies on the striped
bass (Roccus sexatilis) of the Atlantic Coast.
U. S. Tish and Wildl. Serv., IFish Bull. 50: 1-77.

Morcan, ALrrep R., anp ArtHUrR R. GEeRLaci
1950. Striped bass studies on Coos Bay, Oregon
in 1949 and 1950. Oregon Fish Comm., Conir.
No. 14: 1-31.

Ravovicrr, Jonn., 1963, Effect of ocean tempera-
ture on seaward movements of striped bass,
Roécus saxatilis, on the Pacific Coast. Calif.
Fish and Game 49: 191-206.

Raney, Epwarp C. 1952. The life history of the
striped bass, Roccus saxatilis (Walbaum), Ball
Bingham Ocean. Coll. 14: 5-97.

MenriNg. 1954, Migratory pattern and racial
structure of Atlantic Coast striped bass. Trans.
19th North Amer. Wildl. Conf.: 376-395.

RopinsoN, Joun B. 1960. The age and growth of
striped bass (Roccus saxatilis) in California.
Calif. Fish and Game 46: 279-290.

Scorerp, Eucene C. 1931. The striped bass of
California (Roccus lineatus). Calif. Div. Fish
and Game, Fish Bull. 29: 1-84.

SKINNER, Joun E. 1957. Incidental losses of striped
bass in the Sacramento River gill net fisheries
for shad and salmon. Calif. Dept. Fish and
Game, Inland Fish.,, Admin. Rept. 57-2: 1-22.

University OF CALIFORNIA, ScripPS INSTITUTION OF
“OceanNocrarHY. 1960-65. Data report, Surface
water temperatures at shore stations, United
States West Coast and Baja California, 1956-
1959. S. I. O. Ref. 60-27, 100 pp.; 1961, Ref.
61-14, 47 pp.; 1962, Ref. 62-11, 41 pp.; 1963,
Ref. 63-17, 39 pp.; 1964, Ref. 64-6, 27 pp.; 1965,
Ref. 659, 23 pp.

Vwiapykov, Vanim D., Anp Davip H. Warrace. 1952
Studies of the striped bass, Roccus saxatilis
(Walbaum) with special reference to the Chesa-
peake Bay region during 1936-1938. Bull
Bingham Ocean. Coll. 14: 132-177.

C—04836 4

, WiLLrtam S. Woorcorr, aANp Arpert G.-

eg e e oo

Tl
cana
exple
cies
fromw
tina
of 1
state
ont
Unit
Che:
Wes
it is
desc
Jose
give
lecte
Atla
cont

2 m
the

the

Che
reco
pro:
repc
cauy
in a

1(
Scies

L

C-048364




